Macrophage inflammatory protein-3a/C-C chemokine ligand 20 (MIP-3a/CCL20) is an antimicrobial peptide that plays an important role in innate immunity. In addition to direct microbicidal effects, MIP-3a/CCL20 also exhibits cytokine-like functions that are critical during dendritic cell activation. The aim of the present study was to investigate further which signaling pathways are involved in the MIP-3a/CCL20 mRNA expression in response to whole-cell Porphyromonas gingivalis. Primary gingival epithelial cells (GECs) and the immortalized oral keratinocyte cell-line OKF6/TERT-2 were stimulated with whole-cell P. gingivalis. Prior to stimulation, GECs and OKF6/TERT-2 cells were pretreated with specific inhibitors for nuclear-factor-kB (NF-kB), mitogen-activated protein kinase (MAPK), phospholipase C (PLC), and phosphatidylinositol-3-kinase (PI3K). In GECs and OKF6/TERT-2 cells, activation of NF-kB was examined after exposure to P. gingivalis. The gene expression of MIP-3a/CCL20 was significantly induced in response to P. gingivalis (P 0.05) compared to unstimulated control cells. This induction was specifically blocked when cells were pre-incubated with inhibitors for NF-kB, MAPK, and PLC (P 0.05), but not for PI3K. These results demonstrate that P. gingivalis induces the MIP-3a/CCL20 mRNA in a NF-kB-, PLC-, and MAPKdependent manner.
INTRODUCTION
Within the oral cavity, multiple bacterial species interact with epithelia, yet the oral mucosa remains uninflamed in the presence of the commensal microbial flora. Epithelial tissues in general function as the first line of defense protecting the host from the outside microbial environment. To maintain healthy homeostasis, the oral epithelium requires sufficient local immune mechanisms. In addition to a rigid physical barrier, the oral epithelium provides a chemical barrier that is represented by antimicrobial peptides. 1, 2 Antimicrobial peptides are defined as proteins smaller than 100 amino acids with molecular masses ranging between 3.5-6.5 kDa. 1, 3 In humans, antimicrobial peptides are represented by a number of different molecules, e.g. human a-defensins, b-defensins, some C-C and C-X-C-chemokines, 4 and the cathelicidin LL-37. 2, 3, 5, 6 Macrophage inflammatory protein 3a/C-Cchemokine ligand 20 (MIP-3a/CCL20) is a chemokine with regions that are structurally related to human beta-defensin-2 (hBD-2) and, like hBD-2, it exhibits antimicrobial activity in vitro against Escherichia coli and Staphylococcus aureus. 7 Both MIP-3a/CCL20 and hBD-2 are comparable mediators linking innate and adaptive immune responses by interacting with the chemokine receptor 6 (CCR6) and, thereby, activating immature dendritic cells. 5, 8 In addition, both MIP-3a/ CCL20 and hBD-2 are chemo-attractants for immature dendritic cells. 8, 9 Porphyromonas gingivalis is a Gram-negative, obligate anaerobic bacterium that has been recognized as a major etiological factor in the development and progression of periodontitis. [10] [11] [12] Proteases (gingipains) synthesized by P. gingivalis are involved in the degradation of the adherens junctions between cells leading to P. gingivalis invading into the epithelium and deeper tissues. [13] [14] [15] [16] [17] Previously, it has been reported that supernatant from P. gingivalis induced the gene expression of hBD-2 and MIP-3a/CCL20 in gingival epithelial cells (GECs) via protease-activated receptor-2 (PAR-2), and proteases secreted by P. gingivalis were responsible for this up-regulation in GECs. 18 The transcription factor NF-kB plays an important key role during cellular responses to inflammatory stimuli and general responses to pathogens in a number of different cell types. In addition to the involvement of PAR-2, it has been shown that induction of the hBD-2 gene expression is mediated by signaling pathways involving NF-kB when gingival epithelial cells were stimulated with P. gingivalis. 19 It has been shown that activation of G-protein-coupled receptors, such as PAR-2, may lead to phosphorylation and translocation of NF-kB in endothelial and epithelial cells. [20] [21] [22] Direct stimulation of PAR-2 using peptide agonists led to NF-kB-mediated up-regulation of the pro-inflammatory cytokines interleukin-6 (IL-6) and interleukin-8 (IL-8). 20 It was hypothesized that GECs utilize the transcription factor NF-kB to mediate the gene expression of MIP-3a/ CCL20 in response to stimulation with P. gingivalis. Therefore, specific inhibitors for NF-kB were used to block this particular transcriptional pathway in gingival epithelial cells exposed to wild-type P. gingivalis. It was further of interest to elucidate the involvement of phospholipase C (PLC), phosphatidylinositol-3-kinase (PI3K), c-Jun N-terminal kinase-I (JNK I), mitogenactivated protein kinase (MAPK), and nuclear factor for activated T-cells (NFAT) during mediation of the MIP-3a/CCL20 gene expression in GECs.
MATERIALS AND METHODS

Reagents
Specific inhibitors for NF-kB (inhibitor name: MG132 and JSH 23, respectively), NFAT (inhibitor name: VIVIT peptide), JNK I PI3K (inhibitor name: LY294002), PLC (inhibitor name: U73122 and its corresponding control U73343), and p38/MAPK (inhibitor name: ML 3163) were purchased from Calbiochem (San Diego, CA, USA). Interleukin-1b was obtained from Sigma (St Louis, MO, USA).
Human gingival epithelial cell cultures
The immortalized human oral keratinocyte cell line OKF6/TERT-2 was kindly provided by Dr J. Rheinwald (Harvard University). Cells were cultured in accordance with described protocols. 23 Briefly, cell culture was performed using keratinocyte serum-free medium (kersfm; GIBCO/Invitrogen, Carlsbad, CA, USA) consisting of 25 mg/mL bovine pituitary extract, 0.2 ng/mL epidermal growth factor, penicillin/streptomycin (1%) and 0.4 mM CaCl 2 . For passaging the media, Dulbecco's modified Eagle medium/F-12 medium including 5%/mL hydrocortisone, 10 ng/mL of epidermal growth factor, 0.4 mM CaCl 2 , and 10% heat inactivated fetal bovine serum (heat inactivation for 30 min at 55 C) was applied (GIBCO/Invitrogen). For both experimental and control groups, the cells were grown in keratinocyte serum-free medium (ker-sfm).
For obtaining primary gingival epithelial cells (GECs), gingival biopsies were collected from healthy patients who underwent third-molar extraction in the Department of Oral Surgery, School of Dentistry, University of Washington in accordance with a University of Washington Institutional Review Board approved study (IRB, UW Human Subjects Number: 98-7483). For culture of primary GECs, the tissue was prepared as described previously by our group. 19 Epithelial cells were cultured in keratinocyte growth medium (KGM) with 0.15 mM Ca 2þ using the supplements from the KGM-bullet kit (Cambrex, Walkersville, MD, USA). OKF6/TERT-2 and primary GECs were cultured at 37 C in a humidified atmosphere (5% CO 2 ). For stimulation experiments, 200,000 cells were plated using a 6-well cell culture dish.
Gingival epithelial cells transfection with siRNA
Previously, it has been reported that gene expression of MIP-3a/CCL20 was increased in GECs when exposed to cell-free supernatant of P. gingivalis, and that this increase was mediated via protease-activated receptor-2 (PAR-2), but not PAR-1. 18 To characterize the MIP-3a/CCL20 mRNA expression further, GECs were stimulated with whole-cell P. gingivalis to confirm that the mRNA expression of MIP-3a/CCL20 is mediated via PAR-2. For gene silencing, HP-guaranteed-siRNA Õ tagged with Alexa Fluor 488 (Qiagen, Valencia, CA, USA) was used to target the human PAR-2 gene in primary GECs. siRNA-sequences were published previously. 18 The fast forward transfection protocol was performed according to the manufacturer's instructions. Scrambled non-silencing RNA served as a negative control and was transfected using the same concentration as for PAR-2 siRNA. GECs treated with transfection agent alone served as an additional control for all experiments. Transfection efficiency was monitored using a fluorescence microscope (Eclipse TS100; Nikon, Melville, NY, USA) and confirmed by realtime PCR. siRNA (25 nM) specific for PAR-2 was introduced to GECs, and stimulation experiments were performed 48 h after transfection. 18 For inhibition experiments, both OKF6/TERT-2 and GECs were pretreated with specific inhibitors for signaling pathways 1 h prior to stimulation with P. gingivalis. Concentrations of inhibitors were as follows: MG132, 10 mM; 19 JSH 23, 5 mM, 10 mM, and 30 mM; VIVIT peptide, 1 mM, 2 mM, and 4 mM; JNK I, 1mM, 4 mM; 19 LY294002, 20 mM, 40 mM, and 80 mM; U73122 and U73343, 400 nM each; ML 3163, 1 mM, 3 mM, and 9 mM.
P. gingivalis culture condition and treatment
Wild-type P. gingivalis strain 33277 was cultured to the late logarithmic growth phase as described previously. 19 Bacterial numbers were estimated by absorbance measurement using TECAN, GENios Multidetection Reader (v.4.51; Phoenix, Hayward, CA, USA). Subsequently, aliquots of the bacteria were used for pre-incubation (10 min) with 1 mmol/l of the serine and cysteine protease inhibitor tosyl-L-lysine chloromethyl ketone (TLCK; Sigma), which inhibits the gingipains. 24, 25 The protease inhibitor was diluted in endotoxin-free water (HyPure TM ; HyClone, Logan, UT, USA). The GECs were grown to 80% confluence and stimulated with either P. gingivalis or TLCK-pre-incubated P. gingivalis using an amount equivalent to a 'multiplicity of infection of 50:1' (MOI 50:1 ) for 16 h. Blank medium served as a negative control for the stimulation experiments. Each experiment was performed in triplicate, and the immortalized cell line OKF6/TERT-2 as well as primary gingival epithelial cells from one to three different donors were tested.
Assay for NF-kB activity
After stimulation of OKF6/TERT-2 and primary GECs with whole-cell P. gingivalis, cells were harvested using RIPA-buffer (Sigma-Aldrich, St Louis, MO, USA) at 4 C with gentle agitation to obtain whole cell extracts. Protein concentration was determined by BCA (bichinoninic acid)/BSA (bovine serum albumin) protein assay (Pierce, Rockford, IL, USA). For concentration determination, 10 mL of the sample as well as dilution series of BSA (stock solution 2 mg/mL) were prepared and analyzed by absorbance measurement (560 nm, TECAN) using 80 mL of BCA reagent per well (96-well plate; developed over 30 min at 37 C). Nuclear factor-kB activity was measured using the TransAM TM NF-kB p65 assay (Active Motif, Carlsbad, CA, USA) specific for the p65 (RelA) subunit of NF-kB, according to the manufacturer's instructions. The specificity of binding was examined using an oligonucleotide containing a wild-type or mutated NF-kB consensus binding sequence (provided with the kit). Analysis for NF-kB/p65 activation was performed by photometric measurements at OD 450 nm. Values were normalized to the assay control according to the manufacturer's instruction.
Conditions for RT-PCR and real-time PCR
After stimulation of OKF6/TERT-2 and primary GECs, total RNA was extracted using the RNeasy Mini Kit (Qiagen). The reverse transcription reaction was performed using 500 ng of total RNA. The reaction mix contained 1 Â reverse transcriptase (RT) buffer, 250 nM oligo-(dT)-primer, 10 mM dNTP mix, 50 U of RT, and 13 U of RNase inhibitor (Ambion, Austin, TX, USA) and was carried out following standard protocols as previously described. 26 Controls without RT enzyme were included with every experiment.
Quantitative analysis of the cDNA was performed using the MyiQ Õ iCycler (Bio-Rad, Hercules, CA, USA) and iQ Õ SYBR Green Supermix Õ (Bio-Rad) according to the manufacturer's instructions. PCR reactions were carried out in 96-well plates in a total volume of 25 mL, including 1 mL of cDNA and 250 nM primers. At the end of every real-time PCR, melting curve analysis was performed to confirm the amplified product was specific. Standard curve analysis was conducted confirming a linear dependency (efficiency) between the cDNA concentration and the threshold cycle (Ct) calculated by the iQ5 Õ software (Bio-Rad). All reactions were carried out in duplicate, and average Ct-values were calculated. Sample values were normalized to the expression of the house-keeping gene ribosomal phosphoprotein (RPO) and relative expression was calculated using the mathematical model proposed by Pfaffl. 26, 27 Previously, IL-8 expression has been implicated as p38/MAPK dependent. 28, 29 In addition, it was shown that the PAR-2-mediated gene expression of IL-8 was up-regulated via the NF-kB pathway. 20 In addition to MIP-3a/CCL20, the gene expression of IL-8 was tested in GECs. Primer sequences for RPO, MIP-3a/CCL20, and IL-8 have been published previously. 18, 26 Polymerase chain reaction controls were performed using water instead of cDNA. The data were statistically analyzed using the t-test (SPSS, v.14, Munich, Germany). The significance level was set at P 0.05.
RESULTS
Whole-cell P. gingivalis-induced gene expression of MIP-3a/CCL20 is via PAR-2
Gingival epithelial cells were transfected with siRNA specific for PAR-2, and transfection efficiency of the Alexa Fluor 488-tagged siRNA was monitored by fluorescence microscopy (Fig. 1A ) and confirmed by real-time PCR (data not shown). 18 The gene expression of MIP-3a/CCL20 was significantly up-regulated in response to P. gingivalis (P ¼ 0.006). This effect was completely abrogated when whole-cell P. gingivalis was pretreated with the protease inhibitor TLCK. Controls using blank bacteria medium did not influence the mRNA expression of MIP-3a/CCL20 (Fig. 1B) . The gene expression of MIP-3a/CCL20 was significantly decreased in primary GECs transfected with siRNA specific for PAR-2 compared to non-siRNA when exposed to P. gingivalis (P ¼ 0.041; Fig. 1C ).
Activation of NF-kB/p65 following P. gingivalis stimulation Next, the activation of NF-kB/p65 was tested in immortalized and primary GECs when exposed to whole cell P. gingivalis. Stimulation of GECs with P. gingivalis led to a time-dependent (15, 30, 45 , and 60 min of stimulation) activation of the NF-kB/p65 complex (P50.001; Fig. 2 ). Negative controls using the blank bacteria medium as well as the TLCK-pretreated P. gingivalis did not affect NF-kB/p65 activation in gingival epithelial cells (P40.05; Fig. 2 ). The stimulation of GECs with IL-1b served as a positive control for the NF-kB/p65 activation, and a significantly increased activation for NF-kB/p65 was observed after 30 min of exposure to IL-1b (P50.001; Fig. 2 ). 
Phase contrast image
P. gingivalis-induced MIP-3a/CCL20 gene expression is PLC and p38/MAPK dependent
To investigate intracellular signaling in response to P. gingivalis, the effects of specific inhibitors for PLC, PI3K, JNK I, and p38/MAPK on MIP-3a/CCL20 gene expression were analyzed in both immortalized and primary GECs. Pre-incubation of OKF6/TERT-2 cells and GECs with U73122, an inhibitor of PLC, led to a significantly decreased mRNA expression of MIP-3a/ CCL20 compared to untreated cells in response to P. gingivalis (P ¼ 0.016; Fig. 3A) . In contrast, preincubation using the corresponding control inhibitor U73343 (control for U73122) did not affect the gene expression of MIP-3a/CCL20 when compared with untreated cells stimulated with P. gingivalis (Fig. 3A) . Pre-incubation of OKF6/TERT-2 cells and GECs with inhibitors for both PI3K and JNK I did not alter the gene expression of MIP-3a/CCL20 when exposed to wholecell P. gingivalis (Fig. 3B,C) . Different dilutions for inhibitors of PI3K (20 mM, 40 mM, 80 mM) and JNK I (1 mM, 4 mM) were used, and the results were similar (data not shown).
Cells treated with the specific inhibitor for p38/ MAPK exhibited significant reduced MIP-3a/CCL20 gene expression in a dose-dependent manner in OKF6/ TERT-2 cells (1 mM, P ¼ 0.029; 3 mM, P ¼ 0.007; 9 mM, P ¼ 0.004; Fig. 4A ). In primary GECs, the p38/MAPK inhibitor resulted in nearly complete inhibition of MIP-3a/CCL20 gene expression upon P. gingivalis exposure (9 mM, P ¼ 0.023; Fig. 4B ).
Controls using the inhibitors alone at highest concentration without subsequent stimulation exhibited no effect on the gene expression of MIP-3a/CCL20 in both immortalized and primary GECs ( Figs 3A-C and 4A,B) .
P. gingivalis-induced MIP-3a/CCL20 gene expression is via NF-kB/p65
Further, the influence of the transcription factors NFAT and/or NF-kB/p65 on signaling for MIP-3a/CCL20 gene expression was tested in gingival epithelial cells when exposed to whole-cell P. gingivalis. No influence of the NFAT inhibitor VIVIT peptide on the gene expression of MIP-3a/CCL20 was observed after treatment with P. gingivalis with both primary gingival epithelial cells and OKF6/TERT-2 cells, although various concentrations of inhibitor were used (1 mM, 2 mM, and 4 mM; Fig. 5A ). In contrast, the P. gingivalis-induced gene expression of MIP-3a/CCL20 was blocked (P ¼ 0.02) when cells were pretreated with an inhibitor for NF-kB (MG132, 10 mM; Fig. 5B ). In order to verify the finding that MIP-3a/ CCL20 gene expression was dependent on pathways mediated via NF-kB, a second pharmacological inhibitor for NF-kB/p65 (JSH 23) was tested at various concentrations (5 mM, 10 mM, and 30 mM). A dose-dependent decrease (P50.001) of P. gingivalis-induced MIP-3a/ CCL20 gene expression was observed with nearly complete inhibition at the highest concentration (Fig. 5C ). In control experiments, the inhibitors at maximum concentrations without bacterial challenge did not affect MIP-3a/CCL20 gene expression in OKF6/ TERT-2 or primary GECs (Fig. 5A-C) .
P. gingivalis-induced IL-8 gene expression was p38/MAPK-and NF-kB/p65-dependent
The P. gingivalis-induced gene expression was significantly reduced when cells were pretreated with a specific inhibitor for p38/MAPK (P50.001; Fig. 6A ). Pretreatment of GECs with various concentrations of the NF-kB inhibitor JSH 23 (5 mM, 10 mM, and 30 mM) led to a dose-dependent reduction of P. gingivalis-induced IL-8 gene expression (P ¼ 0.013, P ¼ 0.019, and P ¼ 0.012, respectively; Fig. 6B ). Control experiments using the inhibitors alone did not affect gene expression of IL-8 in gingival epithelial cells (Fig. 6A,B) .
DISCUSSION
Gingival epithelial cells provide a number of different mechanisms, such as the synthesis of antimicrobial pre-incubated with the pharmacological inhibitor for p38/MAPK showed a dose-dependent decrease in MIP-3a/ CCL20 gene expression when exposed to P. gingivalis (1 mM, 3 mM, and 9 mM; *P ¼ 0.029, **P ¼ 0.007, and ***P ¼ 0.009, respectively). (B) The same conditions as in (A) was performed on primary gingival epithelial cells. The p38/MAPK inhibitor blocked the P. gingivalis-induced MIP-3a/CCL20 gene expression (*P ¼ 0.023). Controls, using the inhibitor without subsequent bacterial stimulation showed no effect on the MIP-3a/CCL20 gene expression. Triplicate experiments were performed on OKF6/TERT-2 and primary GECs from three different donors. *Significant difference (P50.05). Error bars indicate SD values. peptides, that help resist bacterial infection of the gingival tissue. 2 Previously, the response of GECs to the cell-free supernatant from P. gingivalis regarding gene expression of the two related antimicrobial peptides hBD-2 and MIP-3a/CCL20 has been investigated. Also, it has been shown that the gene expression of both hBD-2 and MIP-3a/CCL20 was inducible by P. gingivalis proteases, and this induction was mediated via the proteinase-activated receptor PAR-2 in GECs. 18 In previously published studies, it has been demonstrated that activation of PAR-2 leads to NF-kB activation in keratinocytes. [30] [31] [32] [33] [34] In addition, it has been implicated that stimulation with P. gingivalis activates NF-kBmediated pathways in keratinocytes, macrophages, and monocytes. 35, 36 The results of this study show a time-dependent increase of the NF-kB/p65 activity in response to P. gingivalis in immortalized and primary GECs, and suggest similar responses between human immortalized keratinocytes and GECs. 36 Although the involvement of PAR-2 in P. gingivalisinduced MIP-3a/CCL20 mRNA expression was shown, little is known regarding the involvement of PLC in signaling transduction pathways following P. gingivalis infection. For vascular endothelial cells, it was shown that LPS from P. gingivalis not only activates PARs, but also induces IL-8 expression via PLC. 37 To our knowledge, there is no data available showing involvement of PLC in MIP-3a/CCL20 gene expression in GECs. The results of this present study demonstrated that the inhibitor for PLC (U73122) partially blocked the P. gingivalis-induced MIP-3a/CCL20 mRNA expression suggesting that not only PLC but also other components of the intracellular signaling cascade are involved.
Furthermore, it has been shown that primary epithelial cells infected with P. gingivalis utilize PI3K-mediated pathways to promote cell survival. 38 In this context, it was conceivable that PI3K may be involved in MIP-3a/ CCL20 gene expression assuming that the antimicrobial and/or chemokine-like activities of MIP-3a/CCL20 provide cell protective functions following bacterial infection. In this study, however, the specific inhibitor for PI3K (LY294002) did not decrease or block the P. gingivalis-induced MIP-3a/CCL20 gene expression.
In epithelial cells, JNK I is involved in mediating the induction of hBD-2 gene expression. 19 Since both hBD-2 and MIP-3a/CCL20 are structurally related peptides with similar functions, 6, 8, 39, 40 it was of interest to test if JNK I was part of the P. gingivalis-initiated cascade leading to MIP-3a/CCL20 mRNA expression in GECs. The results of the present study showed that the inhibitor for JNK I failed to decrease or block the MIP-3a/CCL20 gene expression in GECs when exposed to P. gingivalis. As JNK I has been shown to be involved in hBD-2 transduction, 19 the results suggest that the JNK I may be a regulative step that divides signaling for both related peptides hBD-2 and MIP-3a/CCL20.
In studying the role of p38/MAPK in MIP-3a/ CCL20 mRNA induction, a dose-dependent decrease of the MIP-3a/CCL20 mRNA in OKF6/TERT-2 cells was observed, whereas in primary GECs, the P. gingivalisinduced MIP-3a/CCL20 gene expression was almost completely blocked. These results accord with a recently published study on airway epithelial cells, where the expression of MIP-3a/CCL20 was also p38/MAPK dependent. 41 Further differences between OKF6/ TERT-2 and primary GECs will be discussed below.
In order to test the initial hypothesis, two different inhibitors for NF-kB (MG132 and JSH 23) were used to elucidate the role of NF-kB in the signaling pathway mediating MIP-3a/CCL20 gene expression. In addition, an inhibitor for another nuclear factor, NFAT, (VIVIT peptide) was used as a control. It is known that gene expression of the related antimicrobial peptide hBD-2 is mediated via the NF-kB pathway in epithelial cells when exposed to P. gingivalis. 19, 42 In both OKF6/TERT-2 and primary GECs, pretreatment with MG132 and JSH23 blocked gene expression of MIP-3a/CCL20, whereas the inhibitor for NFAT did not affect the MIP-3a/ CCL20 mRNA. This finding confirmed our hypothesis that gene expression of MIP-3a/CCL20 is mediated via NF-kB in P. gingivalis-stimulated GECs.
Although the data were consistent among OKF6/ TERT-2 and GECs, the magnitude of the MIP-3a/ CCL20 mRNA induction differed not only between the immortalized cell line and primary GECs, but also between cells derived from different donors of primary GECs. Nevertheless, the MIP-3a/CCL20 gene expression pattern following P. gingivalis stimulation was reproducible throughout the triplicate experiments. These differences suggest distinct cellular functions regarding immune responses that vary from immortalized to primary GECs. While OKF6/TERT-2 cell tend to respond generally with a higher magnitude (up to 100fold) of MIP-3a/CCL20 gene expression, primary GECs responded more moderately (up to 25-fold). It is possible that primary GECs have certain control mechanisms that prevent the cell from over-reacting to pathogenic bacteria, whereas immortalized GECs may lack comparable regulatory mechanisms. Although OKF6/TERT-2 cells represent a reasonable model for studies on innate immune responses following bacterial stimulation, additional experiments on primary GECs are necessary to confirm data derived from OKF6/TERT-2 cells.
CONCLUSIONS
This study showed up-regulation of MIP-3a/ CCL20 mRNA expression in GECs when exposed to the periodontal pathogen P. gingivalis. Gene expression of MIP-3a/CCL20 was dependent on pathways including PAR-2, PLC, p38/MAPK, and NF-kB in immortalized as well as in primary GECs. The gene expression of the antimicrobial peptides hBD-2 and CCL20 is inducible by P. gingivalis 2,18,19 mediated by similar intracellular pathways including the activation of NF-kB. 42 Hence, gingival epithelial cells provide a sophisticated innate defense mechanism by producing hBD-2 and MIP-3a/CCL20 in response to P. gingivalis, which in turn may be interpreted as a parallel immunological pathway at the cellular level. Future studies may lead to a better understanding of the cross-talk between pathogenic bacteria and host cells. Individual variations in the antimicrobial host response may give an explanation for inter-individual differences in the susceptibility to periodontal disease.
